Пучковые когомологии и размерности пространств Чу: автореферат диссертации на соискание ученой степени кандидата физико-математических наук: специальность 01.01.04 - геометрия и топология by Сухонос А. Г. (Андрей Григорьевич)
0~789569 
~~-Ha npasax pyKonHcH 
CYXOHOC Att,cJ,peii fpnropbes11t.J 
nYqKQBblE KOrOMOJIOrHH 
H PA3MEPHOCTH TIPOCTPAHCTB qy 
01.01.04 - reO!\teTplrn H TOflOJIO['ll51 
ABTOPEct>EPAT 
,ll,HCCepTaU,HH Ha COHCKaHHe y<IeHOH CTenem1 
KaH,cJ,H;:J,aTa cPH3HKO-MaTeMaTHt.JeCKllX HayK 
Bna,ll,HBOCTOK - 2011 
Pa6oTa BbinOJJHeHa B l1HCTHTyTe npHKJlaJJ.HOR 
,ll.aJJbHeBOCTO'IHoro oT)leJJeHHSI PoccHRcKott aKaJJ.eMHH HayK . 
Hay'IHbIA pyKoeo)J.HTeJJb 
,llOKTOp cPH3HKO-MaTeMaTH'leCKHX HayK, .aoueHT 
CKypHXHH EerettHA EereHbeBH'I 
OqmU,HaJJbHbie onnotteHTbI 
,llOKTOp cPH3HKO-MaTeMaTH'leCKHX HayK, npoQ>eccop 
3apeJJya AJJeKcatt)J.p BJJ3)1.HMHpOBH'I 
KaH,llll,llaT cPH3HKO-MaTe~taTH'leCKHX HayK 
Kon&IJJOB 51pocJJaB AttaTOJJbeBH'I 
Be)J.ylLl,aJI oprattH33Ll,HSI 
l1HcTHTYT cncTeM HHQ>opMaT11K11 HM. A.IT . Eprnoea CH6upcKorn 
OT,lleJ1eH11S1 PAH 
3all.\HTa COCTOHTCSI 31 aerycTa 2011 r. B 16:00 Ha 3aCe,llaHJrn 
,llHCcepTaUHOHHOl'O COBeTa )l 003.015.03 npu l1HCTHTyTe ~taTeMaTllKH HM . 
C . JI. Co6oneea CO PAH no aJJ.pecy : 630090, r . HoeocHfotpCK, npocneKT 
AKa,ae~rnKa KonTIOra. 4. 
c ,llllCCepTaUHen MO)KHO 03HaKOMHTbCSI B 6H6JIHOTeKe l1HCTHTyTa 
~taTe~1aT11K11 m1. C. Jl. Co6oJJeea C116HpcKoro OT,lleJJeHHSI PoccuRcKon 
AeTopeQ>epaT p83ocJJaH «(J_ "' llIOJJSI 2011 r. 
,llllCCepTaUllOHHOI'O COBeTa fyntaH A.E. 
o-789569 
OBIUA5I XAPAKTEPHCTHKA PABOTbl 
AKTYaJibHOCTb TeMbI. Teopmi rry'IKOB Ha Torronor11'leCKllX 
rrpocTpaHCTBax )1,0Ka.3aJia CBOIO 3cPcPeKTllBHOCTb B pernemm 3a)J,a'I 
TOIIOJIOrllll, anre6pall'leCKOH reoMeTpHll, TeOpllll cPYHKU,llH MHOrllX 
KOMIIJleKCHblX nepeMeHHbIX. A. fpoTeH)J,llK BBeJI IIOH51Tl!e TOIIOJIOrlltt Ha 
npoH3BOJibHoi1 KaTerop1m, 0606rn.11n 11 yrny6nn Teopmo ny'IKOB 11 rry'IKOBbIX 
KOrOMOJIOrllil:. 0)1,HaKO, npllJIO)KeHllel\-1 (u rnaBHOH u,eJJbIO) 3TOH Teop1m 
51BJI51eTC51 Teop1rn 3TaJibHblX KOrOMOJIOrHii, rrp11MeH5le l\la5! ,D:JI51 perneHH51 
3a)J.a'I anre6pan<JeCKoti reoMeTpm1. B TO .11<e spel\rn, o6rn.nocTb 11cxo,n:HhlX 
rroH5IT11i1 II03BOJI51eT paCC'il1TbIBaTb na 3cPcPeKTHBnoe rrp111\1e11em1e Teop1111 
fpoTeH,D:HKa ll B )1.pyr11x CllTyaU,H51X. 
B ,n:aHnoil: ,n:11ccepTau,11ounof1 pa6oTe B paMKax Teopm1 fp0Ten,n:11Ka 
CTpOlfTC.H Teopll.H IIY'IKOB ll IIY'IKOBb!X KOrOMOJIOrllti HOpMaJibHblX 
rrpocTpaHCTB qy, 
KoncTpyKU,ll.H qy, KOTopa51 npnsena II03)Ke K IIOH51TllIO npocTpaHCTBa 
qy, IIO.HBliJiaCb B MarllCTepcKOH ,D:llCCepTaU,llll no Xrnanr qy (Po-Hsiang-
Chu), OTHocmu;eiic.H K Teop1m KaTerop11ti, ll 6hrna orry6n11K0Bana B 
1979r. Ha.3Bau11e « npocTpancTBO qy» npe,n:no)Keno 1\1. BappoM B 1993r. 
HopMaJibHbJe rrpocTpaHCTBa qy ua,n: anct>as11TOM 2: = { 0, 1} srrepBbJe 
IIO.HBllJIHCb B pa60Te fynTa IIO,D: Ha.3BaHlleM 'laCTH'IHO yrrOp51,D:O'leHHble 
perneTKll (pdlat) B 1993r. 
B TepMunax rrpocTpaHCTB qy HHTeprrpeTuposanncb l\rnorne rro115ITH5! 
H pe3yJihTaTbl, OTHOC51W.HeC.H K cP113llKe H MexaHHKe. TipocTpaHCTBa qy 
H3Y'laJillCb TaK)Ke B CB.H3H c JIHHeHHOH JIOrllKOH, CTPYKTypallrn co6bITHH, 
1rn<t>opMau,uoHHbIMl1 cncTel\tallm. B cso10 o'lepe,n:b CTpyKTYPbI co6b1T11f1 
CB.H3b!BaJIHCb c aCHHXpOHHbll\1ll CHCTeMal\!If rrepexo,n:OB If CeT.Hl\IH TicrpH. )1.n51 
H3y"leHH.H HeKOTOpblX 113 3THX ofrheKTOB y,n:aJIOCb npn111eHl1Tb rOMOJiorn'leCKHe 
MeTO,LJ:bl. B "laCTHOCTH, CTpOHJIHCb 11 ll3Y'laJIHCh Teop1111 ro!'.mnorm1 
aCiiHXpOHHblX CHCTel\I rrepexo,n:oB H ceTeii TieTpH. 06beKTa1'-m, CB.H3aHHb!MH 
c computer science, HBJI51IOTCH aBTOMaTbl BblCllleH pa.3MepHOCTH. 0HH TaK)Ke 
ll3Y'laJillCb MeTo,n:aMll anre6pall'leCKOH TOflOJIOrllli. 
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ToT <PaKT, '!TO npH H3y'leHHH nepe'IHCJieHHblX o6'beKTOB OKa3aJIHCb 
::1<P<PeKTHBHblMH HeKOTOpble MeTO)l;bl a.nre6pa.H'leCKOH TOilOJIOl'HH, .n;eJiaeT 
aKTYaJibHblM BOnpoc o6 HCilOJib30BaHHH TeOpHH ny'IKOB. 
1..I;eJib uccJie,n;oeattu.sr. B paMKax TeOpHH caiiroe fpoTeH~Ka 
IlOCTpOHTb Teopmo ny'IKOB H ny'IKOBblX KOl'OMOJIOl'HH Ha npocTpaHCTBax 
qy. Ifay'IHTb CTPYKTYPbI Ha HOpMaJibHbIX npocTpaHCTBax qy, 3BJJ.aBaeMbie 
ecTeCTBeHHO B03HHKaIO~HMH Ha HHX TononormIMH fpoTeH.D;HKa. ITpHMeHHTb 
lIOJIY'leHHble pe3yJibTaTbl K HHcPOpMal.l,HOHHblM CHCTeMaM H CTPYKTy paM 
co6bITHH. 
B .n;HccepTaIJ;HOHHOR pa6oTe 
HClIOJib30BaJIHCb MeTO.ll:bl I'OMOJIOl'H'leCKOH a.nre6pbl, TeOpHH IIY'IKOB 
Ha caiiTax fpoTe~HKa H TeOpHH ny'IKOBblX KOl'OMOJIOl'HH 'lacTH'IHO 
ynopH.D;O'leHHblX MHO)f(eCTB. 
,ll;ocTOBepHOCTb noJiy'leHHblX pe3yJibTaTOB no.n;Tsep~aeTCH CTpOrHMH 
MaTeMaTH'leCKHMH .11:0Ka3aTeJibCTBaMH scex npe.n:no)f(eHHH H TeopeM, 
npe.n;cTaBJieHHblX B pa6oTe. 
OcHOBHbie pe3yJibTaTbI: 
1. Ilpe.n;JIO)KeH MeTo.n; 38,I1.aHHH TOilOJIO['HH fpoTe~Ka Ha HOpMaJibHOM 
npocTpaHCTBe qy. IIocTpoeHa TeopHH ny'IKOB H ny'IKOBbIX KoroMoJiorHH: Ha 
npocTpaHCTBax qy H sse.n;eHO co.n;ep)f(aTeJibHOe lIOHHTHe pa3MepHOCTH. 
2. )J,OKa3aHO, 'ITO KOl'OMOJIOl'HH fpoTe~HKa H qexa npOCTpaHCTB 
qy H30MOPcPHbl, a TaK)Ke, 'ITO KOl'OMOJIOrHH qexa c K03cPcPHl.l,HeHTaMH 
B a6eneBOM npe.n;ny'IKe H30MOPcPHbl KOl'OMOJIOrHHM c K03cPcPHIJ;HeHTaMH B 
nopo~eHHOM ny'!Ke. 
3 . .LI,aHbl KOl'OMOJIO['H'leCKHe xapaKTepHCTHKH pa3MepHOCTH H .n:JMbHOH 
pa3MepHOCTH HOpMaJibHOro npOCTpaHCTBa qy. 
4. Pa3pa6oTaHa TeopHH BHJibIX ny'IKOB H BHJibIX pa3MepHOCTefi 
HOpMaJibHblX npocTpaHCTB qy. ,1J,OKa3aHa al.l,HKJIH'IHOCTb BHJiblX ny'IKOB. 
,1J,oKa3aHo HepaeeHCTBO Br ~ dim + 1 , r.n;e dim - pa3MepHOCTb, a Br 
- pa3MepHOCTb Bpe.n;oHa HOpMaJibHoro npocTpaHCTBa qy, onpe.n;emi:eMa.sr no 
aHa.norHH c pa3MepHOCTbIO Bpe.n;oHa TononorH'leCKHX npocrpaHCTB. 
5. HopMaJibHbie npOCTpaHCTBa acCOl.l,HHpyIOTCH 
· \·1··..i .: · -:;1>c·no J6"A'C3A~.·p .. .,4v.-, ;icc~,. ,;. -"J . c-- · :-:i 
<l>f.\Ol'Bno K<!> )": ~-\J,\HCnH ll rn;·~Rri.ii(_;lf;: , 
<l> l,111tiA. lbHblll ) 111!111.P(lf TU -· 
OrP H 10 11 602SC!J9• 
Hay4Hasi 6 H6.1110TcKa 
"M . H . l1 .. Ho6a•1c acKoro 
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t.raCTH'l:HO ynopH,!I.Ot.reHHbJMH MHO:>KeCTBaMH, cTpyKTypaMH co6bITHii:, 
HHcpopMaQHOHHbIMH CHCTeMaMH, ceTHMH IleTpH. XapaKTepHCTHKH 
YK33aHHbIX o6beKTOB HHTepnpeTHPYIOTCH, KaK p33MepHOCTH 
COOTBeTCTBYIOIQHX npocTpaHCTB qy 11 MOryT 6bJTb onpe,!1.eJieHbl c noMOIQblO 
nyt.rKOBbIX Kor0Monor11ii: . B t.raCTHOCTH, .U.JIHHa 11 urnp11Ha t.racTHt.rHO 
ynopH,!I.O'l:eHHOro MHO:>KeCTBa HHTepnpeT11pyeTCH, KaK KOrOMOJIOrHt.reCKaH 
p33MepHOCTb COOTBeTCTBYIOIQHX HOpMaJibHblX npocTpaHCTB qy, . 
HoBH3Ha H uayquruJ 3HaqHMOCTb pa6oT&I. Pe3yJibTaTbI 
.u.nccepTaQHH HBJIHIOTCH HOBblMH H HOCHT Teopenrt.reCKHH xapaKTep. 0HH 
MOryT 6bITb npHMeHeHbl ,!1.JIH H3J'l:eHHH caifTOB rpoTeH)J;HKa, npOCTpaHCTB 
qy, CTpyKTYP COOblTHl1, HHcpopMaQHOHHbJX CHCTeM . 
Anpo6au;HSI pa60TbI. Pe3yJibTaTbI .u.wccepTaQHH npe.u.cTaBJIHJIHCb 
aBTOpOM Ha ceMHHape «reoMeTpHH, TOilOJIOrHH H HX npHJIO:>KeHHH» 
l1HcTHTyTa MaTeMaTHKH CO PAH (HosoCH611pcK, 2011), Ha ceMHHape OT,IJ;ena 
aHaJIH3a 11 reoMeTpHH l1HCTHTyTa MaTel\1aTHKH CO PAH (Hosoc11611pcK, 
2011), Ha ceMHHape l1HCTHTyTa IlpHKJia,Ll,HOH MaTeMaTHKH .LI.BO PAH 
(BJia,LJ,HBOCTOK, 2005 - 2011) , l1HCTHTyTa MaTeMaTHKH H KOMilblOTepHblX 
HayK .LI.BrY (BJia,LJ,HBOCTOK, 2010), a TaK:>Ke Ha CJie,IJ;ylOIQHX Me:>K,IJ;yHap0,!1.HbIX 
KOHcpepeHQHHX H llIKOJiax-ce~mHapax: KOHcpepeHQHH MOJIO)J;blX yt.reHbIX 
MexaHHKO-MaTeMaTirt.recKoro ¢aKyJihTeTa MrY HM. M.B. JloMottocosa 
(MocKBa, 2004), Hayt.rHaH KOHcpepeHI.l,HH «JlOMOHOCOBCKHe 'l:TeHHH» 
(CesacTOnOJib, 2005), .Ll.aJibHeBOCTO'l:HaH MaTeMaTH'l:eCKaH lllKOJia - Cel\lliHap 
HM . aK . E .B . 3onoTOBa (Xa6aposcK, 2005), PoccnficKaH rnKoJia-ceMHHap 
«CHHTaKCHC H ceMaHTHKa JIOrut.reCKHX CHCTeM» (Bna.zi,HBOCTOK, 2008), 
Me:>K,IJ;yHapO,ll;HaH KOH¢epeHI.1,HH «CospeMeHHbie npo6JieMbl aHaJIH3a H 
reoMeTpHH» (Hosoc11611pcK, 2009), 3-H PoccHii:CKaH lilKOJia-ceMHHap 
«CHHTaKCHC H ceMaHTHKa JIOrH'Y.eCKHX CHCTeM» (l1pKyTCK, 2010), 
.LJ.anbHeBOCTO'l:HaH MaTeMaTH'l:eCKaH llIKOJia-ceMHHap HMeHH aKa,IJ;eMHKa 
E.B. 3oJIOTOBa (BJia,LJ,HBOCTOK, 2010). 
Ily6JIHK3I.I;HH. OcHOBHbie pe3yJibTaTbI .u.11ccepTaQHH ony6JIHKOBaHbI 
B pa6oTax aBTOpa [l-13], TPH H3 KOTOpblX BbinOJIHeHbl B COaBTOpCTBe c 
E .E . CKypHXHHblM [11 , 12, 13] . 
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CTpyKTypa H o6'heM pa6oTbI • .Ll.HccepTall,HH cocTOHT H3 BBe)J.eHm1, 
Tpex rnas H CilHCKa JIHTepaTypbl H3 56 HCilOJib30BaHHbIX HCTO'iHHKOB. 06Ill,Hit 
o6beM )J.HCCepTau;HH - 118 CTpaHHl..I;. 
KPATKOE CO,LI;EP:IKAHHE PABOTbl 
Bo BBe,LJ,eHHH onHChIBaIOTCH OCHOBHbie pe3ynhTaThI )J.HccepTau;m1 H 
)J.aeTC51 KpaTKHH 0030p HCCJie)J.OBaHHH no TeMe ,ll,HCCepTaLI;HH. 
fnaBa 1 «HopMaJibHble npocTpaHCTBa qy» CO,D,ep)f(HT OCHOBHbie 
CBe,D,eHH51 0 npocTpaHCTBax qy, Heo6XO,ll,HMbie ,ll,JI51 ,ll,aJibHefimero H3JIO)KeHH51. 
B Heti TaK)f(e BBO,ll,51TC51 H H3y'iaIOTC51 TOilOJIOrHH fpOTeH)J.HKa Ha 
npocTpaHCTBax qy H IlOH51THe pa3MepHOCTH. 
TpofiKa A = (A, r, X), r,D,e r : A x X ------> E oTo6pa)f(eHHe 
MHO)KeCTB, Ha3bIBaeTcH npocmpa'HcmeoM lfy 'Haa aj/,rfiaeumo.M E HJIH npocTo 
npocmpa'Hcmeo lfy. 
Ecm1 ,ll,JIH nro6hrx x, y E X cyru;ecTBYeT a E A TaKoe, 'ITO r(a, x) =/= 
r(a, y) , TO npocTpaHCTBO qy Ha3bIBaeTC51 omae.11.UMU.M. EcnH ,ll,JI51 JII06b!X 
a, b E A cyru;eCTsyeT x E X TaKoe, 'ITO r( a, x) =/= r( b, x) , TO npocTpaHCTBO 
qy Ha3bIBaeTC51 1womae.11.UM'bLM. 0T,D,eJIHMOe H KOOT)J.eJIHMOe npocTpaHCTBO 
qy Ha3bIBaeTC51 6uomae.11.UM'bLM. 
IlpocTpaHCTBO qy (X,r1-,A), r)J.e rl.(x,a) = r(a,x) , Ha3hIBaeTCH 
ayM'b'H'bLM K npocTpaHCTBY qy A = (A, r, X) H 0003Ha'iaeTC51 Aj_ . Ifa 
onpe)J.eJieHH51 BhITeKaeT, 'ITO Al.1- =A. 
IlpocTpaHCTBO qy, r)J.e Ka)f(,ll,aH o6naCTh HBnHeTcH cpyHKD,Heit H3 A 
B E, TO ecTb X ~ EA , H r 3a,u.aeTcH paseHCTBOM r(a, J) = f (a) , 
Ha3hIBaeTCH 'HOpMM'b'H'bLM npocmpaHCmeoM lfy HaO llJ/,rfiaeumoM E HJIH 
npocTo 'HOpMllJ/,'bX'bLM npocmpa'HcmeoM lfy H o6o3Ha'iaeTC51 (A , X) . 
,4yM'bXU.M xopMllJ/,'b'HU.M npocmpaxcmeo.M lfy K HOpManbHOMY 
npocTpaHCTBy qy (A, X) Ha3hIBaeTCH HOpManbHoe npocTpaHCTBO qy 
(X, B), r)J.e B = {ba E Exl a E A H ,D,JIH mo6oro x E X HMeeT MeCTO 
ba(x) = x(a)} . IloHHTHe )J.yaJibHOCTH ,ll,Jl51 HOpMaJibHOrO npocTpaHCTBa 
qy OTJIH'iaeTC51 OT Il0H51TH51 )J.yaJibHOCTH B KaTeropHH npOH3BOJibHbIX 
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npocTpaHCTB qy, HO )J,JI.H KOOT)J,eJIHMblX npocTpaHCTB qy 3TH nOH.HTH.H 
¢aKTH'JeCKH COBna,LJ,alOT. 
OcttoBHhie pe3yJihTaTbI )J,attttoii pa.60Tb1 ¢oPMYJIHpy10TC.H H 
)J,0Ka3b!Ba!OTC.H B TepMHHax HOpMaJibHblX npocTpaHCTB qy. Tio3TOMY 
B naparpa¢e 1 «06w;ue CBOHCTBa HOpMaJibHblX rrpocTpaHCTB 
l:.Jy» H3y'-laeTC.H KaTeropn.H HOpMaJibHblX npocTpaHCTB qy H np11BO)J,5ITC.H 
pe3yJihTaTbl 0 CB.H311 HeKOTOpb!X KaTerop11ii npocTpaHCTB qy c KaTeropH.HMH 
HOpMaJibHblX npocTpaHCTB qy. B '-laCTHOCTH, ,n;aeTc.sr ttosoe H 6oJiee y)J.o6ttoe 
)J,JI.H Haumx u;eJieii onucaHHe roMOMop¢H3MOB HOpMaJibHblX npocTpaHCTB qy 
(J1eMMa 1.1.10). 
Bo sTopoM naparpa¢e «Pa3MepHOCTH HOpMaJibHoro 
rrpocTpaHCTBa l:.Jy» onpe,n;eJI.HeTC.H TOITOJIOrH.H fpoTeH)J,HKa Ha HOpMaJibHOM 
npOCTpaHCTBe qy 11 BBO)J,11TC.H ITOH.HTHe pa3MepHOCTH HOpMaJibHOrO 
npocTpattcTsa qy. Ha'-l11Ha.sr c 3Toro naparpa¢a paccMaTp11sa10TC.H TOJibKO 
HopMaJibHble npocTpaHcTsa qy Ha,Ll, an¢as11ToM I:= {O, l}. B cs.sr311 c 3TUM 
I: = 2A MO)KeT OTO)K)J,eCTBJI.HTbC.H c MHO)KeCTBOM scex ITO)J,MHO)KeCTB A . 
Tono.1w2ueii I'pomettaux:a Ha HU)KHeii noJiyperneTKe K Ha3hrnaeTc.sr 
OT06pa)Kett11e r , conocTaBJI.HJOW.ee Ka)K)J,OMY a E K KJiacc r(a) ceMeiicTB 
BH)J,a o = {a; E Kli E I} TaKoii, 'ITO BhmOJIHeHbl 4 ycJios11.sr: 
Tl) {a} E r(a) ; 
r2) ecn11 o ={a; E Kli EI} E r(a) 11 b::::; a , TOr)J,a o /\ b ={a;/\ b E 
Kli EI} E r(b); 
r3) ecJI11 o ={a; E Kli EI} E r(a) If o:; = {U;J E Klj E J} E r(a;) 
(i EI) , TO /] = {U;J E Kli E l,j E J} E r(a); 
r4) ecJI11 /] = {bJ::::; alj E J} 11 cyw.ecTByeT o ={a; E Kli EI} E r(a) 
TaKOe, '-ITO 0 -< (J' TOr)J,a /] E r(a) . 
J1106oe o: E r(a) Ha3bIBaeTc.H r -110Kpb1T11eM a. 
Onpe)J,eJIHM X -TorronorHIO fpoTeH)J,HKa r Ha MHO)KeCTBe 2A 
CJie)J,)'JOW.HM o6pa30M . EcJI11 a E 2A, TO o = {a; E 2A I i E I} E r(a) s 
TOM H TOJibKO B TOM CJiy'-lae, Kor,n;a u a; = a 11 x n a -< 0. 06o3Ha'-IHM 
iEJ 
Xa = Xna 11 qepe3 X"/! 6y)J,eM o003Ha'laTb MHO)KeCTBO ecex .M.a"K:CUMa.J!b"HbtX 
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no B'IC.ll.10<te'H.U10 noaM'H.O:JICecma Xa . lfope3 f3a 6y,rr.eM o003Ha'IaTb CeMeucmao 
f3a=Xfu{{u}luEa, u¢UX} . 
Kpam'H.ocmb10 Kpa ceMeil:cTBa a = {ai E 2A I i E I} Ha3blBaeTcH 
sup{ la I I n ai # 0, C7 c I} ' r,rr.e !al - MO[QHOCTb MHO)f(eCTBa C7 . 
iEu 
qHCJIO n H83b!BaeTCH T -paaMep'H.OCffib10 a ' eCJIH B KaJK,D.oe T -IIOKpb!THe 
MO)f(HO BIIHCaTb T-IIOKpb!THe a KpaTHOCTH :S n + 1' H HMeeTCH T-
IIOKpb!THe a KpaTHOCTH n + 1 ' B KOTOpoe HeJlb3H BIIHCaTb T -IIOKpb!THe 
a MeHbUiefi KpaTHOCTH. T -paaMep'H.OCffib 3.l!e.Mei-tma a 6y,rr.eM 0003Ha'l:aTb 
qepe3 rDim(a). Ecntt a = A , TO rDim(A) Ha3b!BaeTCH pa3MepHOCTbIO 
HOpMaJibHoro IIpocTpaHCTBa qy H o6o3Hat.IaeTCH Dim( A, X) . qaCQe scero, 
Mb! 6y,rr.eM IIpe,.!1.IIOJlaraTb Ha MHO)f(eCTBe x BblIIOJIHeHHe ycnOBHH 
Vx E X 3y E X# : x C y. (1) 
5Ictto, 'ITO OHO BblIIOJIHHeTCH, eCJIH MHO)f(eCTBO x - KOHet.IHO, JIHOO see 
x E X ttMeIOT orpaHttt.IeHHYIO KOHet.IHyro MOlQHOCTb. B t.IacTHOCTH, ecntt A -
KOHe'!HO, TO yCJ10Btte (1) BblIIOJIHHeTcH KaK ,.!J.JIH IIpocTpaHcTsa (A, X), TaK 
H ,.!J.JIH ,.!J.YJlbHOro eMy HOpMa.TlbHOrO IIpOCTpaHCTBa. 
TeopeMa 1.2.8. IIycTh (A, X) - HOpManhHoe IIpOCTpaHCTBO qy, 
y,rr.osneTBopHIOCQee ycnosmo (1), a E 2A H X" # 0 . Tor,rr.a cne,rr.yIOCQHe 
ycnoBHH 3KBttsaneHTHbl 
(1) rDim(a) = n; 
(2) KPfJci = n + 1 ; 
(3) KpXf = n + l. 
TeopeMa 1.2.9. (0 MOHOTOHHOCTH pa3MepHOCTH) 
IIycTb (A, X) - HOpManhHoe IIpocTpaHCTBO qy, y,rr.osneTBopHIOCQee 
ycnOBHIO (1) . Tor,rr.a rDim(a) :S rDim(b) :S Dim(A, X) ,.!J.JIH nro6hrx 
a<;;: b <;;:A . 
IIycTb (X, B) = (A , X).L - HOpManbHoe IIpOCTpattcTso qy, ,rr.yanhHoe K 
nopManbHOMY IIpocTpaHCTBy qy (A , X) . Tor,rr.a t.IHCJIO Dim(X, B) 6y,rr.eM 
Ha3bIBaTb i}ya.11bi-tOil T -paaMepi-tocmb?O i-topMa.l!bH020 npocmpai-tcmaa l/y 
(A , X) H OOo3Ha'IaTb Diml.(A, X). 
B~Hble xapaKTepHCTHKH HOpMallbHOro 
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Bbtpa)Ka!OTC5I qepe3 pa3MepHOCTh ,uyaJihHOro npocTpaHCTBa 'lfy. BBe)l.eM 
0003HaqeHirn: ba = { x E x I a E x} 11 x = { x \ {a} I x E x#, a E A} . 
TeopeMa 1.2.13. IIycTh (A, X) - HOpMaJihHoe npocTpaHCTBO 'lfy, 
y.u.oBJieTBOp5IIOUJ;ee ycnoB1110 (1), X C X. Tor.u.a Dim.L(A, X) = n B TOM 11 
TOJibKO B TOM cnyqae, ecn11 ,ll.Jl5I mo6oro x E x 11MeeT MeCTO !xi ::; n + 1 , H 
cym:ecTByeT x E X TaKott, qTo lxl = n + 1 . 
Bo BTopoi1: rnaBe «Ily<1KOBb1e KoroMonornH HOpMaJibHhIX 
npocTpaHCTB 't.!y• pa3BHBaeTC5I TeOpl15I nyqKOB Ha HOpMaJihHhIX 
npOCTpaHCTBax 'lfy. 
B naparpa¢e 1 «Ily<1KH Ha HH:>l<HHX nonypeweTKax• npHBO)l.5ITC5I 
OCHOBHbie onpe.u.eneH115I, CB5I3aHHhie c nyqKar.m Ha Hl1)KHHX nonyperneTKax, H 
CTaH,!1.apTHhie pe3yJihTaThr o KaTeropH5IX nyqKoB, 5IBJI5IIOUJ;Hec5I cne.u.cTBH5IMH 
H3BecTHhrx o6ID,Hx pe3JJihTaToB o nyqKax Ha cai1:Tax fpoTeH,ll.HKa. ,Ll;aH TaK)Ke 
KpHTepHli Toro, qTo a6eneB npe.u.nyqoK Ha HOpMaJihHOM npocTpaHCTBe 'lfy 
5IBJI5IeTC5I JIOKaJihHO-HyJieBbIM. 
Bo BTOpoM naparpa¢e «0CHOBHhie CBOHCTBa KoroMonoruu c 
K03cPcPHD;HeHTaMH B ny<1Ke» H3yqa10Tc5I KoroMonorHH AneKCaH,ll.pOBa-
'lfexa H KOrOMOJIOrHH fpoTeH,!J.HKa Ha HOpMaJibHblX npocTpaHCTBaX 'lfy. 
IIycTh (A, X) - HopMaJihHoe npocTpaHCTBO 'lfy, T - X -Tononorn5I 
fpoTeH,!J.HKa Ha 2A , a E 2A , s,,. - KaTeropH5I a6eJieBbIX T -nyqKQB Ha 2A 
H Q = {a; ::; a I i E I} - ceMetl:CTBO 3JieMeHTOB. <I>yHKTOpbl r 7' ,a , r T,Q 
H r,,.,a,o : s,,. -+ Ab 38,ll.a!OTC5I cne,uy!OUJ;HM o6pa30M: r,,.,a (A) = A(a), 
r T,o(A) = H 0 (a, A) H r 7',a,o(A) = ker{A(a) -+ H 0 (a, A)}. 
Onpe.u.eJIHM KOroMonornH fpoTeH,ll.HKa H~(a, A), H~(o, A) H 
H~ (a, a, A) c Km~¢¢m.1.HeHTaM11 B a6eneBOM npe.u.nyqKe A , KaK 3HaqeHH5I 
Ha T-nyqKe, nopo)K)l.eHHOM npe.u.nyqKoM A, n -x npaBhIX npoH3BO)l.HhIX 
cPYHKTOpOB nnr,,.,a, nnr,,.,<> H R."f,,.,a,o. A HMeHHO, H~(a,A) = 
(R."f,,.,a)(S,,.(A)), H~(a,A) = (R."f,,.,0 )(S,,.(A)) H H;'(a,a,A) = 
(R."f r,a,o)(S,,.(A)), r.u.e S,,.(A) - T-nyqoK, nopO)K)l.eHHhrtl: npe.u.nyqKOM A. 
KoWMOJto2uu AJte-x:cattiJpoea-lfexa Hn(u, A) 11 H~(a, A) 
onpe)l.eJI5IIOTC5I aHaJIOrH'IHO TOMy, KaK 3TO .u.enaeTC5I )l.JI5I TOIIOJIOrHqecKHX 
npocTpaHCTB (onpe.u.eneHHe 2.2.8). 
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_noKa3bIBaeTor, 'ITO KorOMOJIOrHH AneKcaH,!IJ)OBa-qexa H3oMopcpHbI 
KOfOMOJIOfH.HM fpoTeH,II,HKa. 
TeopeMa 2.2.11. IlycTb (A, X) - HOpMaJibHoe npocTpaHcTBO qy, 
y,JJ,OBJieTsopmom;ee ycnosmo (1), T - X -Tononom.H fpoTeH,JJ,HKa Ha 2A , A 
- npe,ll,IIy<JOK Ha 2A H a E 2A . Tor,JJ,a )J,Jl.H mo6oro n 2:: 0 HMeeT MeCTO 
1) H!;!(f3a,M /\ c,A) = Hn(f3a,M /\ c,A) = Hn(f3a,M /\ c,A), r,JJ,e f3a = 
{bj E 2A I j E J} E T(a), f3a,M = {bj I j E M C J}, c E 2A H A -
T -ny<JOK, nopmK,JJ,eHHbIH npe,n.ny<JKOM A: 
2) H'!;(a, A) = H'!;(a, A) H'!;(a, A), r,JJ,e A T-IIy'IOK, 
rropo)f()J,eHHbIH npe,JJ,IIY<JKOM A . 
B TpeTbeM rraparpacpe «KoroMo.11orH'feCKHe pa3MepHOCTH 
HOpMa.llbHblX npoCTpaHCTB qy»- paCCl\1aTpHBaIOTC.H 3a,D.a'IH 
KOfOMOJIOfH'JeCKOH xapaKTepHCTllKH pa3MepHOCTll npocTpaHCTBa qy. 
IlycTb (A, X) HOpMaJibHOe rrpocTpaHCTBO qy. Orrpe,JJ,eJIHM 
1w20Mo.tio2u"ecicy10 pa3M.epttocm11 3.tie.M.ettma a E 2A cne,n.y10m;11M o6p83oM: 
cTD(a) :Sn ¢o} H;?'+k(a,A) = 0, ,D.JI.H n106oro T-rry<JKa AH Vk > 0. 
EcnH a = A, TO cTD(A) H83bIBaeTor KoroMonortt<JecKoti p83MepHOCTbIO 
HOpMaJibHOro rrpocTpaHCTBa qy (A, X) 11 o6o3Ha<JaeTc.H cD(A, X) . 
TeopeMa 2.3.6. IIycTb (A, X) - HopMaJibHoe rrpocTpaHCTBO qy, 
y,JJ,oBJieTBop.HIOm;ee ycnoBHIO (1), X C X, " (A, X).i = (X, B). Tor.n:a 
Dim.i(A, X) = cD(X, B), r.n:e T - B -Torronom.H fpoTeH,JJ,HKa Ha 2x . 
TeopeMa 2.3.7. IlycTb (A, X) OT,n:eJIHMoe HOpMaJibHOe 
rrpocTpaHCTBO, y,u:osJieTBOp.HIOlll;ee ycnoBttIO (1) 11 rne,n.y10m;eMy ycnoBttIO: 
Va EA, Vx EX 3b EB: Qa \ {x} = Qb, 
r,n:e (X, B).i = (A, X) 11 Qa, Qb E 2X . 
Tor,n:a Dim( A, X) = cD(A, X), r.n.e T - X -Torronom.H fpoTeH,IJ,ttKa 
Ha 2A. 
B <JeTsepToM naparpacpe «BH.11L1e pa3MepHOCTH HOpMa.llbHbIX 
npocTpaHCTB qy• BTOpOH fJlaBbl onpe,n:eJI.HIOTC.H BHJ!a.H p83MepHOCTb 
" pa3MepHOCTb Bpe.n.otta, 11 ycTaHaBJIHBaeTc.H CB.H3b c p83MepHOCTbIO 
10 
rrpocTpaHCTBa qy. 
Orrpe.n,eJmM a -BHJihIH T -rry'loK A , r.n,e T - X -rorronornH fpoTeH,D,HKa 
Ha 2A, a E 2A H f3a = {bi E 2A I i E I} E r(a) - MHHHMaJibHOe T-
rroKpbITHe. IToJIO)KHM f3 M = {bi I i E M} , r.n,e M <;;: I . r -rry'loK A H830BeM 
a -6XAbt.M, eCJIH KaHOHH'leCKHH roM0Mop¢113M A(a) --+ H 0 (b I\ !3M, A) 
HBJIHeTrn ::irr11Mop¢113MOM ,D,JIH JIJ06hIX b E 2A 11 M <;;: I . Ecm1 KaHoH11qecK11i1 
I'OMOMop¢n3M 5!BJI5leTc5! 3IIHMop¢113MOM rrp11 a = A , Tor.n,a 6y.n,eM rosopHTh, 
r -nyqoK A B5!JihIH. 
,Ll,OK83hIBaJOTC5! cne.n,y10m11e CBOHCTBa a -B5!Jlb!X rry'IKOB (neMMa 2.4.3, 
TeopeMhI 2.4.8, 2.4.9): 
1) BcHKHfi 11H'heKTHBHhifi r -rry'IOK 5!BJI5leTC5! a -B5!JibIM; 
2) Ecn11 r-ny'IOK A - a-BHJihIM, TO H-;:(bl\f3M,A) = 0 11 if-;:(a,A) = 
H-;:(a, A) = 0 ,D,JIH JIJ06bIX n ~ 1, b E 2A 11 M <;;: I, r.n,e f3a = {b; E 2A Ii E 
I} E r(a). 
Orrpe.n,eJIHM IIO aHaJIOI'l111 c COOTBeTCTBYIO~Ml1 TOIIOJIOI'H'leCK11Ml1 
rroHHTl15!M11 s51ny10 p83MepHOCTh 11 p83MepHOCTh Bpe.n,oHa npocTpaHCTB qy. 
Ecn11 r -ny'loK A o6na.n,aeT a -BHJIOfi pe30JihBeHTOH ,ll,Jll1HhI n Ha 
HopManbHOM rrpocTpaHCTBe (A , X), r.n,e r - X -Torronor11H fpoTeH.n,11Ka Ha 
2A 11 a E 2A ' 11 He 0611a.n,aeT BHJIOH pe30JibB€HTOll M€HbWei1 ,ll,Jl11HhI, TO 
meopHT, "!TO a -6x.n,ax pa3.M.epttocm'b A pastta n 11 o6o3Ha'laJOT Bdr,A(a) = 
n. 
MaKCl1MYM Bdr,A(a) n no sceM r -rry"IKaM A H83hrnaeTC5! 
pa3.M.epttocm'b10 Bpeaotta Bdr a 3JieMeHTa a . ITp11 a = A rosop5!T rrpocTo 
pa3Mepttocm'b10 Bpeaotta A 11 o6o3Ha'laJOT Bd (A, X). 
YcTaHae1111saeTcH CB5!3h p83MepHOCTl1 ttopMaJibHoro rrpocTpaHCTBa qy 11 
ero p83MepHOCTl1 Bpe.n,oHa, KOTOpM BIIOJIHe aHaJIOI'l1'1Ha COOTB€TCTBY10m11M 
pe3yJihTaTaM ,ll,115! TOilOJIOI'l1'1€CK11X rrpocTpaHCTB. 
TeopeMa 2.4.14. ITycTh (A,X) - HOpManhHoe rrpocTpaHCTBO qy, 
y.n,osJieTBOpH10mee ycnos1110 (1), a E 2A 11 r - X -TorronornH fpoTeH,D,11Ka 
Ha 2A. Tor.n,a Bdra ~ rDim(a) + 1. 
B TpeThei1 rnase «IlpuMepbI u npHJIO)KeHHH~ IIOK83bIBaeTC5!, 'ITO 
rro11y'leHHb!e o6mtte Pe3YJibTaTbl 11M€!0T co.n,ep)KaTeJihHbie HHTeprrpeTau;1111 B 
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p33HhIX c11Tyau,1rnx. A HMeHHo, c qacTH'!Ho yrrop.H,ll.O'!eHHhIMH MHo:>KeCTBaMH, 
CTPYKTypaMtt co6hITHH, HHcPOPMaIIHOHHhIMH cttcTeMaMtt, ceT.HMH IleTpli 
accou.uupyJOTC.H HOpMa.JibHhie rrpocTpaHCTBa qy, ll p33MepHOCTll, B TOM 'IllCJie 
KOrOMOJIOni'!eCKHe ll B.HJlbie, llHTeprrpeTHPYIOTC.H, KaK CBOHCTBa YK33aHHblX 
ofrheKTOB. 
B rrepsoM rraparpa<Pe « qaCTH'IHO yrrops,LJ;O'leHHbie MHO:>KeCTBa» 
ycTaHaBJIHBaJOTC.H CB.H3H Me)K,lzy )J,JlllHOH ll umpHHOH qacTH'IHO 
yrrop.H,!J,O'!eHHOro MHO:>KeCTBa c p33MepHOCT.HMH COOTBeTCTBYIOlll.HX 
rrpOCTpaHCTB qy. 
HarrOMHHM, u.errbJO 'IacTH'IHo yrropH,IJ,O'!eHHOro MHO:>KeCTBa (E, :5) 
H33blBaeTC.H TaKoe ero IIO)J,MHO)KeCTBO, JII06b1e .U,Ba 3JieMeHTa KOToporo 
cpaBHHMhl, a aHTHU,eIIhlO qacTll'IHO ynop.H,ll.O'!eHHOro MHO:>KeCTBa 
H33bIBaeTC.H TaKoe ero IIO)J,MHO)KeCTBO, JIJ06bie JJ:Ba 3JieMeHTa KOToporo 
He cpaBHHMbl. roBop.HT, 'ITO JJ:JIHHa L(E) (coOTBeTCTBeHHO, umpttHa W(E)) 
qaCTH'IHO yrrop.H,IJ,O'!eHHOro MHO:>KeCTBa paBHa n , eCJill cyurecTByeT u.enb 
( COOTBeTCTBeHHO, aHTHU,eIIb), co.u,ep:>KaUiaH n + 1 3JieMeHT, H HeT u.erru 
( cooTBeTCTBeHHO, aHTHu,enH), co.u,ep:>Karu.efi OOJibUiee KOJIH'!eCTBO ::ineMeHTOB. 
Ecn11 (E , :5) - qacTH'IHO yrrop.H,ll.O'!eHHOe MHO:>KeCTBO, TO o6o3tta'IHM 
qepe3 AcE = (E, cE) HOpMaJibHOe npocTpaHCTBO qy orrpe,n:en.HeMoe TaK: 
J E cE Tor.u,a 11 TOJibKO Tor.n,a, Kor.n,a {e EE I f(e) = l} .HBJI.HeTc.H u.errhJO. 
Atta.JIOrH'IHO, o6o3Ha'!HM qepe3 AaE (E, aE) HOpMaJibHOe 
npocTpaHCTBO qy onpe,n:en.HeMoe TaK: f E cE Tor,n:a 11 TOJibKO Tor.n,a, Kor.n,a 
{ e E E I J ( e) = 1 } .HBJI.HeTC.H aHTHu,errhJO. 
TeopeMa L. IlycTh (E, :5) - 'IaCTH'IHO ynop.H)l.o'!eHHoe MHo:>KeCTBO, 
MHO:>KeCTBO cE y,n:oBJieTBOp.HeT ycnoBHIO (1), AcE = (E, cE) - HOPMaJibHOe 
rrpocTpaHCTBO qy, 3a,n:asaeMoe u.en.HMH MHO:>KeCTBa E, 11 (cE, B) = 
(E, cE)J.. Tor.n,a 
1) L(E) -1 = DimJ.(E,cE) = cD (cE , B); 
2) Bd (cE, B) :5 L(E). 
AHa.JIOrtt'IHO rronyqaeM cne,JJ,yJOlll,He pe3yJibTaTbI. 
TeopeMa W. IlycTh (E, :5) - 'IacTH'IHO ynop.H.LJ.O'!eHHOe MHO:>KecTso, 
MHO:>KeCTBO aE y,n:oBJieTBOp.HeT ycnoBHIO (1), AaE = (E, aE) - HOpMa.JihHOe 
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npocTpaHCTBO qy, 3a,u.asaeMoe aHTnu:enHMH MHO)f{eCTBa E, u (aE, B) = 
(E, aE)J. . Tor.n;a 
1) W(E) - 1 = Dim1-(E, aE) = cD (aE, B); 
2) Bd (aE, B) :::; W(E). 
Bo aropoM naparpaQ>e «CTpyKTYPbI co6LITHH» npocTpaHCTBa qy 
accou:nnpy10TCH co CTPYKTypaMH co6b1TnA. 
CTpyKTypoH: co6b1Tntt Ha3bIBaeTcs: TpoH:Ka (E, Con, 1-), r.n;e E -
MHO)f{eCTBO co6bITHH, Con - MHO)f{eCTBO He nycTbIX KOHe'IHbIX no,n;MHO)f{eCTB 
MHO)f{eCTBa E H OTHOIIIem1e I-~ Con x E, y.n;oaneTBops:eT cne.n;y10rn,nM ,n;ByM 
YCJIOBHHM: 
1) X E Con, Y ~ X => Y E Con 
2) X I- e, X ~ Y E Con => Y I- e . 
qepe3 As = (E , Z) o6o3Ha'IHM HOpMa.nhHoe npocTpaHCTBO qy 
HH.n;yu:upoaaHHoe CTPYKTypoH: co6bITHH (E, Con, 1-), TO eCTb TaKoe, 'ITO 
o6nacTb Z = {hx,e• E 2E IX E Con, e' EE U {0}}, r.n;e 
{ 
1, 
hx e•(e) = 
' 0, 
X I- e u e i= e'; 
X If e unn e = e' . 
.ll,oKa3aH cne.n;y10w,uH: pe3yJibTaT (TeopeMa 3.2.4, TeopeMa 3.2.6) 
TeopeMa ES. TiycTb As = (E, Z) - HOpMa.nbHoe npocTpaHCTBO qy 
HH,LJ;yIJ:HpoBaHHoe CTPYKTypoii co6hITHH (E, Con, 1-) TaKoe, 'ITO MHO)f{eCTBO 
Con y.n;oaneTBops:eT ycnoau10 (1), u (Z, B) = (E, Z).L . Tor.n;a 
1) DimJ. (E, Z) = n Tor.n;a u TOJibKO Tor.n;a, Kor.n;a H3 n106oro X E Con 
BblBO,LJ;MTCH He 6onee n + 1 co6bITHe H3 E u cyw,ecTBYeT X E Con, H3 
KOToporo BbIBO,LJ;HTCH n + 1 co6b1Tne; 
2) DimJ.(E, Z) = cD (Z, B); 
3) Bd (Z, B) :::; Dim.L(E, Z) + 1. 
B TpeTbeM naparpa<Pe «CeTH IleTpH» ycTauaaJIMBaJOTCH CBH3M 
Me)f{)J;y MHO)f{eCTBaMH ycJIOBHB H co6bITHB CeTH TieTpH c pa3MepHOCTHMH 
COOTBeTCTBYIOtnHX npocTpaHCTB qy. 
HanoMHHM, cemb1o flempu N &BJIHeTcs: qeTaepKa, N = (B, E, F, Mo), 
B - MHO)f{eCTBO yc.1weuu (noauu,uu), E - MHO)f{eCTBO co6'btmuu {nepexoiJoe). 
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Mtto)f(eCTBO ycnos11il 11 MHO)f(eCTBo co6hITHH He nepeceKaJOTC5!. <I>yttKU.mi F : 
(Ex B) U (B x E) --+ {O, 1} TaK11e, 'ITO cPYHKU.H5! F onpe.n.en5reT cTpyKTYPY 
opHeHTHpOBaHHOro .n.sy,npJibHOro rpa<l:>a, MHO)f(eCTBO BepIIIHH KOToporo paBHO 
BUE, a cTpenKaMH cJiy)f{aT TaKHe napb1 (a, b) E (E x B) U (B x E) , 'ITO 
F(a , b) = 1 . Nfo - He nycToe no,D,MHO)f(eCTBO B, Ha3hIBael\me cocmoxxue.M. 
By.n.eM paccMaTpHBaTb ceTb IleTpH TOJihKO Tor.n.a, Kor.n.a MHO)f(eCTBa B 11 E 
- KOHe'iHbJe MHO)f(eCTBa. 
Onpe.n.en11M XE, Xa, YE 11 Ya cne.n.y101lJ.llM o6pa3oM: 
XE= {hb',e E 2a I e EE, b' E BU {0}}, r.n.e 
hb' e b = () { 
1, F(b,e)=l11b-=j=b'; 
' 0, F(b,e)=011n11b=b' ; 
YE= {ge,b' E 2E I e E E , b' E BU {0}} , r.n.e 
Ye b' b = ( ) { 
1, F(e, b) = 1 11 b-=/= b'; 
' 0, F(e,b)=011n11b=b'; 
YE = {Ye ,b' E 2E I e E E , b' E BU {0}} , r.n.e 
Ye b' b -( ) -{ 1, F(e ,b)=lHb-=j=b'; 
' 0, F(e , b) = 0 HJIH b = b'; 
Ya= {Ye' ,b E 2E I b E B,e' E EU {0}}, r,n,e 
() { 
1, F(e,b)=l11e-=j= e' ; 
Ye' b e = 
' 0, F(e,b)=011n11e=e'. 
Tor,n,a B03H11Ka10T npocTpaHCTBa qy, accou.1111poaaHHh1e c ceT5!MH IleTpH 
(B, XE), (E, Xa), (B, YE) 11 (E, Ya) . 
.II,oKa3aH CJie)J.y!OllJ.HH pe3yJihTaT (TeopeMbl 3.3.3, 3.3.5 11 3.3.6) 
TeopeMa P. IlycTh N = (B, E, F, Mo) - CeTb ileTp11. 
1. Ecn11 (B , XE) - HOpMaJibHOe npocTpaHCTBo qy, 11 (XE, D) = 
(B,XE)l.' TO 
a) Diml. (B,XE) = n TOr,n,a H TOJibKO Tor.n.a, Kor,n,a B JIJ06oe co6bJTHe 
H3 E axo,n,11T He 6onee n + 1 ycJIOBHe 113 B , 11 cyIIJ.ecTayeT co6b1T11e, B 
KOTopoe BXOJJ,11T n + 1 YCJIOB11e; 
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b) Diml. (B, XE)= cD (XE, D); 
c) Bd (XE, D) ~ Diml. (B, XE)+ 1. 
2. Ecm1 A~e = (E, XB) - HOpMaJlbHoe npocTpaHCTBO qy H (XB, D) = 
(E, XB)l., TO 
a) Diml. (E, XB) = n Tor.n.a H TOJibKO Tor.n.a, Kor.n.a mo6oe ycJIOBHe H3 
B BXO.lJ.HT He 6onee, <IeM B n + 1 co6hITHe H3 E , H cyw;ecTByeT ycnoBHe, B 
KOTOpoe BXO.lJ.HT n + 1 co6bITHe; 
b) Diml.(E, XB) = cD (XB , D); 
c) Bd (XB,D) ~ Diml.(E,XB) + 1. 
3. EcJIH A~st = (B, YE) - HOpMaJlbHOe npocTpaHCTBO qy H (YE, D) = 
(B, YE)l., TO 
a) Diml. (B, YE)= n Tor.n.a H TOJibKO Tor.n.a, Kor.n.a H3 mo6oro co6hITH.H 
H3 E BbIXO.lJ.HT He 6onee n + 1 ycnoBHe H3 B , H cyw;ecTByeT co6bITHe, H3 
KOTOporo BbIXO.lJ.HT n + 1 ycJIOBlle; 
b) Diml.(B, YE)= cD (YE, D); 
c) Bd (YE, D) ~ Diml.(B, YE)+ 1. 
4. Ecnn A~st = (E, YB) - HOpMaJlbHOe npocTpaHCTBO qy ll (YB, D) = 
(E, YB)J_' TO 
a) Diml. (E, YB)= n Tor.n.a H TOJibKO Tor.n.a, Kor.n.a mo6oe ycnoBne H3 
B Bhtxo.n.nT He 6onee, <IeM n3 n + 1 co6hITll.H ll3 E , n cyw;ecTByeT ycnoBne, 
H3 KOTOporo BbIXO.lJ.llT n + 1 co6bITlle; 
b) Diml.(E, YB)= cD (YB, D); 
c) Bd (YB, D) ~ Dim1-(E, YB)+ 1. 
B <IeTBepTOM naparpacpe «HmpopM~HOHHble cucTeMbU c KaJK.lJ.OH 
HHcpopMal.l,f!OHHOH CllCTCMOR CB.H3b!Ba!OTC.H ,ll.Ba npocTpaHCTBa qy, 
Jf1ufiop.Mav,uo'H1wil cucme.Moil IS Ha3bIBaeTC.H Tpoi1Ka (A,Con,f-), r.n.e 
A - MHO)!(eCTBo, KOTopoe, nocKOJibKY pe<Ib H,ll.eT 06 HHcpopMau.noHHbix 
CllCTeMax, Ha3bIBaeTC.H MHO)!(eCTBO e.n.11Hllll llHcpOpMallllll ( 'Ha6op aa'H'H'btX), 
con - MHO)!(eCTBO He nycTbIX KOHe'IHblX no.n.MHO)!(eCTB MHO:>KeCTBa A ' H 
OTHowemi:e f-~ Con x A y.n.oaneTBOp.HeT IIBTll aKCllOMaM: 
JSl) Y ~ X E Con, Tor.n.a Y E Con 
I S2) {a} E Con, .ll.Jl.H mo6oro a E A 
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183) XI- a, XE Con, Tor.n;a XU {a} E Con 
184) a EXE Con, Tor.n;a XI- a 
185) X,YECon (\ibEY,Xl--b), Yl-c,TOr.n;a Xl-c 
06o3Ha'111M '!epe3 A1s = (A, Con) HOpMa.nbHoe npocTpaHCTBO qy, r.n;e 
Con - o6naCTb H3 onpe.n;eneHl1H, 11 qepe3 Ats = (A, Con#) HopMa.nbHOe 
npocTpaHCTBO qy, r.n;e Con# - MHO)KeCTBO MaKC11Ma.JibHbIX 3JJeMeHTOB H3 
MHO)KeCTBa con . 
.ll.oKa3aH cne.n;y10rn;11ii: pe3yJJbTaT (TeopeMbI 3.4.3, 3.4.6 11 3.4.7) 
TeopeMa IS. IlycTb (A, Con, 1-) - 11HcpopMau,110HHaH c11cTeMa TaKaH, 
'!TO MHO)KeCTBo Con y.n;oBneTBOpHeT ycnoB1110 (1). 
1. Ecn11 AIS =(A, Con) - HOpMa.JibHoe npocTpaHCTBO qy 11 (Con, B) = 
(A, Con)J. , TO 
a) Diml.(A, Con) Tor.n;a H TOJJbKO Tor.n;a, Kor.n;a nJ06oH 3neMeHT 113 
Con co.n;ep)Kl1T He 6onee n + 1 e.n;HHHey 11HcpopMau,1111 113 A H cyw;ecTByeT 
3neMeHT 113 Con, KOTOpb1ii: cocT011T 113 n + 1 e.n;11Hl1U.bI 11HcpopMau,H11; 
b) Diml.(A, Con)= cD (Con, B); 
c) Bd (Con,B):::; Diml.(A,Con) + 1. 
2. Ecn11 Ats = (A, Con#) - HopMa.nbHoe npocTpaHCTBO qy, TO 
a) Dim (A, Con#) = n Tor.n;a 11 TOJibKO Tor.n;a, Kor.n;a nJ06aH e.n;11H11u;a 
11HcpopMaIJ,11H co.n;ep)K11TCH He 6onee, 'leM B n + 1 MaKCl1Ma.JlbHOM 3JJeMeHTe 
113 Con, u cyw;ecTByeT e.n;11H11u.a 11HcpopMaLI.1111, co.n;ep)KaI.U;aHCH B n + 1 
MaKCHMa.JibHOM 3JieMeHTe ITT Con; 
b) Dim(A,Con#) = cD (A, Con#); 
c) Bd (A, Con#) :::; Dim (A, Con#)+ 1. 
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